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The contemporary development of the remote space survey systems and elements of geoinformation
technologies offers the fundamentally new possibilities of control, forecasting and interpretation of the data
obtained from agroecological monitoring. Aim. To describe natural and climatic conditions of the various
zones within the territory of Ukraine, its agricultural acquirement and risk of the soils’ erosive degradation
manifestations in the meaning of climate changes. To determine the factors inÀuencing upon the spectral
characteristics of the eroded soils for their identi¿cation, deciphering, and also the cultivated lands and land
tenure systems degradation monitoring according to satellite data. Methods. The logical model of water
erosion determination and identi¿cation according to the data of the Earth remote sensing (ERS) of high
spatial resolution is developed on the basis of classi¿cation in basic deciphering signs and the procedure
of molding of the training samples forming. The materials of the Landsat 8, SPOT, ASTER and RapidEye
space surveys, map materials and data of full-scale ground observations on the test objects were used for
identi¿cation of the processes of sheet and linear erosion. The soil erosion was determined according to two
approaches. The ¿rst one is based on the plowed soil and the second – on soil covered with plants. The soil
erosion class was determined according to the spectral characteristics and humus content, while gully rate –
by reference to gullies’ length and square. Results. The humus content in soil was proposed to be determined
according to the spatial distribution of spectral characteristics within the limits of uniform regions and
corresponding mathematical-statistical models. The opportunities of linear and sheet erosion classi¿cation
according to the ERS data, and also their use in the system of monitoring and evaluating the ecological
state of agrolandscapes and land tenure systems are shown. Conclusions. The space monitoring data of
the soils erosive degradation and agrolandscapes in whole provide the opportunity of more effective use
of soil resources due to the strategic determination of degradation processes with the subsequent planning
and workout the measures for the optimization of the erosive dangerous agrolandscapes structure, and also
introduction of the ground water-guarding systems of soil management.
Key words: soil resources, erosive deterioration, remote sensing, monitoring, climate.

INTRODUCTION
Under serious climate changes the marks of the water erosion and deÀation are strengthened. This, ¿rst of
all, is connected to an increase in the shower nature
of sediments [1], signi¿cant expansion of the areas of
such ¿eld crops as corn, sunÀower and soy [2], including in the Polissia zone, for which the low anti-erosion
stability of soils is typical. Together with the sheet
erosion the risks of the gully formation intensi¿cation
grow, which is especially dangerous for the large gully
systems. DeÀationary dangerous territories occupy in
some years to 5í6 million ha.
The territory of Ukraine is subdivided into three large
natural climatic zones:
The Polissia zone is characterized by the predominance of sediments above evaporation. Average longstanding amount of precipitation composes 500í

630 mm. Soil cover is mainly acid sod-podzol types of
light particle size distribution. Natural land occupies up
to 50 per cent of territory, among which are marshes,
forests and meadows.
The Wooded-Steppe zone is characterized with intensive agrarian production. Amount of precipitation
varies from 450 mm in the east to 760 mm in the west.
More than 50 per cent of the cultivated areas are planted with corn, sugar beet, sunÀower, soy; the rest of the
arable earth – under the spiked cereals and feed crops.
Soil cover consists of chernozems and gray forest soils.
The complex relief is typical for the zone; that fact
combined with high ploughing rate of agricultural land
creates conditions for the water erosion development.
The Steppe zone is characterized with the predominance of evaporation above the sediments and arid phenomena. Amount of precipitation varies from 310 mm
in the southern part (dry steppe) to 500 mm in north
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adjoining to the Wooded-Steppe zone. Because of the
moisture scarcity and high risk of arid phenomena,
the yield of all crops in the majority of years appears
suf¿ciently low without irrigation. Soil cover is chernozems and chestnut soils. The combination of suf¿ciently complex relief, shower nature of sediments, and
in some years – the intensive wind regime creates high
risks of both the water erosion and deÀation.
Erosive deterioration of soil resources negatively inÀuences on the fertility of soils and yield of agroecosystem. The intensi¿cation of agrarian production manifested in increase in the areas of sowing ¿eld crops,
strengthening the shower nature of sediments and wind
regime strengthens the risks of erosive processes and
arid phenomena in the enormous territory – to 15í16
million ha, i. e., on half of the arable earth areas. In
such conditions the creation of up-to-date system for
monitoring the above mentioned negative phenomena,
also using the data of the Earth’s remote sensing (ERS)
becomes urgent.
Traditionally the aerial survey materials together
with ground observations were used for the detection of
erosive processes. However, the space photos are more
widely used since the starting of space surveying systems. The current availability of the high spatial resolution images obtained from the surveying systems of
land satellites – Landsat 8, SPOT, ASTER, RapidEye –
makes it possible to identify the three-dimensional erosiveness of soil cover and gully systems. Exactly that
caused the need for development and approval of the
water erosion classi¿cation models for agrolandscapes
using the data of the multi-area high spatial resolution
space survey.
The aim of the current research consisted in the data
analysis obtained from the space survey for monitoring and strategic estimation of agrolandscapes and soil
management systems erosive deterioration.
MATERIALS AND METHODS
For identi¿cation of the objects of sheet and linear
erosion the data of the Landsat-8 2013 space survey
(US Geological Survey website – http://earthexplorer.usgs.gov/) and the materials of the ASTER and
RapidEye space surveys, also literal and map materials
and data of full-scale ground observations are drawn.
The research was performed through the random
network of the agrarian testing areas (ATA), which ensure the territorial ecological monitoring system within
the limits of administrative units. At the same time the
ATA random network was used for the training data
obtaining, necessary for developing the target processing algorithms for the materials of remote survey in
course of the inspection of large territories within the
limits of homogeneous regions.
The erosive receptivity of soil was determined according to such properties as the agrophysical properties, humidity, moisture permeability, density, roughness and organic matter content. It was also considered
4

that the spectral characteristic was caused by the humus
content, the presence of moisture, oxides of iron and
ground minerals. The regularity, which consists in the
dependence of a change in the spectral indices of soil
on the loss of humus and connections to iron from the
upper layer, was also taken into account. The mother
rock becomes gradually visible on the surface of eroded soils, what causes its brightening. In course of the
quantitative determination of similar changes through
the spectral indices, according to the data of multi-area
space surveys, the three-dimensional estimation of the
soil cover erosiveness was carried out, and so, the intensity of erosive processes was determined.
Scienti¿c rationale for the methods of soils remote
explorations is described in the works of many scientists in 1970í1990 years [3í8]. The basic factors inÀuencing a change in the spectral parameters of soils are
determined, which made it possible to identify not only
their basic varieties, but also erosiveness rate [9í16].
As a result, the prerequisites for development and applying of methods and technologies of the eroded earth
automated classi¿cation are created. The combining of
the data from various surveying systems and regression
models of the erosion and its intensity determination
from the values of spectral reÀection gives opportunity
to determine the spatial distribution of the soil erosiveness in the agrolandscapes suf¿ciently satisfactorily.
For detection the sheet erosion applying space data
two approaches connected to the state of the earth’s surface were used: the plowed soil and covered with plants.
The ¿rst approach resides in the de¿nition of such decoding signs as the spectral characteristics of soil depending on the humus content and other characteristics,
i.e., the basic object of study is the surface of soil directly
[7, 8, 10, 13, 14, 16], while the second one is based on
determining of the vegetation spectral properties caused
by the soil erosiveness and consists in the estimation
of the plants biomass [11, 12, 17, 18]. It is stated that
complex use of both approaches is reasonable for the determination of soil erosiveness. They supplement each
other, and also reÀect various, though tightly interconnected manifestations of erosive processes and state of
vegetation completely and thoroughly.
The degree of the gully erosion development was determined according to the indices of gully rate within the
territory, thickness, density and length of gullies [19].
The gully rate was determined as the ratio of the gullies area (ha) to the area of the arable earth (1 km/km2),
density – as a quantity of gullies to 1 km2; while the
gully rate is calculated for the total area, gullies length
– for the overall length of gullies per unit of area.
RESULTS AND DISCUSSION
On the basis of the literature review and completed
researches analysis the logical model for soil water erosion determination and identi¿cation was developed on
the ERS data of high spatial resolution. It is based on
the complex use of the space survey data, current map-
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Fig. 1. Logical model of soil water erosion classi¿cation based on material obtained from remote survey of high
spatial resolution
ping information and reference subject data relative to
the characteristic of soil cover (Fig. 1). Water erosion
was identi¿ed on the basis of classi¿cation according
to the basic deciphering signs within the limits of optically uniform characteristics of soil areas, geostatistical analysis and mathematical simulation of the humus
content at various erosiveness rates of soil with the
subsequent three-dimensional mapping simulation of
erosive deterioration.
During the ¿rst stage of the model implementation
the object-oriented classi¿cation is carried out on the
base of the formalized expert knowledge concerning
the signatures of signs (spectral, structural, textural
and contextual) for identi¿cation of the agricultural
land class (mask) with subsequent differentiation to the
classes “plowed soil”, “crop planted soil” and “wild
planted soil”.
It is reasonable to use both the images of the multiarea space shots and NDVI and textural indices prepared in the stage of ERS preliminary processing as the
initial informative layers for the solution of the task –
the object oriented classi¿cation of the agricultural
lands mask [20]. Having shaped the hierarchy of classes and established solution-making rules and threshold values for each class, classi¿cation is accomplished
at the levels, which, for example, identify sowing of
winter cultures and natural vegetation, at that false
single objects are moved away.

The next stage of classi¿cation is the development of
the solution-making rules for determination and identi¿cation of the water erosion manifestations based on
the ERS materials. In this respect the procedure of the
training samples obtaining becomes necessary. It is the
required technological element of aerospace explorations and used for creating of regression models and
determination of decoding signs.
A¿eld, diagnostics of the soil erosiveness gradations
is carried out through their morphological signs – soil
washing degree of various genetic horizons. At the moment the approaches to the classi¿cation of the eroded
soils are divided into two large groups: the procedures
establishing the soil washing degree on the decrease
of their genetic pro¿le, and the procedures determining the soil erosiveness degree on the humus content
decrease.
For the standard of diagnostics of the eroded soils according to the soil washing degree the similar “typical
image” of the complete-pro¿led soil is accepted, which,
as a rule, is typical for the plateau. Performing the mapping, for example, of chernozem soils a diagram of soil
classi¿cation according to the erosiveness degree is used
basing on their coloring: for weak erosiveness – slightlylight, average – light, and strong – bright.
Taking in to accou nt that there are no standard
models for the indication of the typical soil differences
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Fig. 2. Gully erosion manifestations from the high spatial
resolution materials: 1-rain channels; 2-top cutting-in; 3-, 4micro-gully erosion; 5-sheet erosion (satellite survey SPOT,
spatial resolution – 5 m, April 2013)

erosiveness according to the spectral signs, general approach to the determination of these signs (indicators)
is obtaining the data directly at the test areas and topographic pro¿les within the explored territory. The selection of the massif of points for the training samples
and validation of the results of deciphering is achieved
within the optically uniform soils at the territories.
They are formed on the basis of clustering the data in
the content of physical clay in the soils located within
the explored territory.
But a signi¿cant quantity of soil patterns, necessary for the training samples, and also large volume
of analytical works never ensure the effectiveness of
obtaining the data. It appears to be more acceptable
the determination of the humus content from the spectral characteristics directly a¿eld using the calculated

mathematical-statistical connection models. The volume of the training samples under these conditions is
decreased by the data reduction, necessary for calculating models. The rest of the training samples’ volume
for identi¿cation of the eroded areas is determined directly according to the data of ¿eld spectrometry. During the application of this technology the expenditures
and duration of work performing on the three-dimensional determination of the soil cover degree erosiveness decrease.
Linear erosion classi¿cation. The classi¿cation opportunities of the linear forms of erosion, according to
the data of the aerospace survey of high spatial resolution, are determined by their geometric and optical
characteristics and three-dimensional and radiometric
permission of the remote survey systems.
Components and forms of the gully erosion are possible to be obtained only from the space shots of the
highest spatial resolution (up to 5 m) in the form of the
narrow, notched, sharp contours. Due to the washout
of soils, the tone of the image of the growing gullies is
usually very bright (Fig. 2). It is possible to judge about
the stage of their development and degree of the erosive processes activity from the shape, size and special
features of the gullies image. Intensive growing waterruts and gullies at the initial stage of their development
have wide oval top with the steep rear wall, while the
ravines completed their linear increase – the planepointed top and more gently sloping turfen slopes.
As a rule, the components of the hollow system are
not reÀected in the space photographs with the separation power of more than 10 m, but the network of gully
relief with an elongated twisting treelike form is well
separated. Both bottom and slopes of gullies are usually
covered with the natural vegetation, thicker and more
hydrophilic in the lower parts of the slopes and at the
bottom, which causes the darker tone of their image.
The treelike ¿gure of image caused by the intensive

Fig. 3. Results of gully network deciphering at the high spatial resolution space shot: (a) ASTER shot, spacial resolution –
15 m, May 2003; (b) gully density map charted on the results of deciphering within ATA
6
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Fig. 4. Determination: (a) cultivated plants at slopes >5º (crisis area – 4.93 % of plowed lands); (b) cultivated plants at slopes
3–5º (critical area – 17.24 % of plowed lands); (c) risk estimation of erosive processes development at the plowed lands

development of linear erosive processes is the characteristic feature of the photographs of gully network in
general. The gully network is especially clearly manifested with the natural grassy vegetation in spring and
autumn against the general background of maximum
plowed ¿elds, though not yet covered with sprouts
(Fig. 3, a).
As a result of linear erosion objects deciphering
based on materials of the prompt space survey the integrated map of the cultivated land’s gully rate is generated. Basing on it, the intensity of linear erosion both for
separate farms and administrative units is evaluated.
An example of the gullies and their density decoding
within the limits of test area on the data of the space
survey of high spatial resolution from Aster, are given
on Fig. 3, b.
For the cultivated area speci¿cation on the risk degree of the erosive processes development, the arable
soils are divided into three ecological-technological
groups (ETG) according to the soil protection system
of the area and its outline-reclamation organization
[19]. In particular, the 1st ETG includes the soil with
the full-pro¿led and slightly-eroded soils located on
the plateaus and slopes up to 3°, where it is permitted
to place all cultures together with the ¿eld ones. The
2nd ETG includes the lands with slightly- and mediumeroded soils located on the slopes of 3í5°, where graingrass and grass-grain crop rotations without ¿eld crops
are introduced. The 3rd ETG includes slopes of more
than 5° with middle- and heavy-eroded soils, which
must be derived from the category of the arable lands
for conservation with the subsequent natural and arti¿cial meadows or foresting.
Thus, the estimation of the arable land area as for
the risk degree of the erosive processes development
by virtue of the sowing classi¿cation within the arable land mask by grouping into continuous sowing

Fig 5. The “plowed soils” mask classi¿ed within the testing
farm of Kirovohrad Agrarian Testing Area

cultures, ¿eld crops and perennial grass according to
the space survey data is important in this respect. Basing on combined analysis of obtained data joined to the
map of slope angles, the area chart is compiled for the
estimation of the area as for the risk degree of the erosive processes development and determination of share
of the soils in critical and crisis state, which must be
derived for conservation.
The determination of the crisis (¿eld crops at the
territories with the slope angle > 5ɨ) and critical state
territories (¿eld crops at the territories with the slope
angle > 3í5ɨ) according to the space survey data of high
spatial resolution combined to the geographical threedimensional data concerning the quantity indicators
(morphological measures) of relief (in particular, slope
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Fig. 6. Optically-uniform soil classes chart within the plowed lands of the Kirovohrad ATA testing farm

angles) allows to establish promptly the norms of the
ecologically substantiated structure of planted areas and
crop rotations as per the risks of the erosive processes
manifestation [21]. The results of processing the space
survey materials from the RapidEye satellite regarding
the crisis and critical territories are represented in Fig. 4.
Sheet erosion classi¿cation and determination of the
erosiveness degree of the arable lands. For the classi¿cation of sheet erosion materials of spatial resolution
up to 30 m were used. The data obtained from Landsat
meet these requirements. The sheet erosion classi¿cation is carried out on the basis on materials of the survey dated on April 17, 2013
According to logical model (Fig. 1), within the test
farm of the Kirovohrad agrarian test area the “plowed
soil” mask is classi¿ed (Fig. 5), also classes of uniform
soils are isolated according to their optical characteristics on the basis of the data on physical clay content.
Within the “plowed land” mask ¿ve soil classes were
isolated (Fig. 6). The analysis of the uniform soil

classes areas states that the basic (background) classes
are: chernozems ordinary heavy-loamy (class 1) and
chernozems ordinary light- and medium-loamy (class
2), their combined rate is 80 per cent of the total area.
The area of the ¿fth class is equal to only 2 per cent
of the total area, but after joining to the fourth class,
which spectral properties are very similar, they occupy
together about 5 per cent. Therefore, these two classes
were united for the development of the multiple regression models.
The radiometric characteristics in the separate channels of the shot were determined, samples for the uniform classes were formed and the correlation matrix
of the radiometric characteristics together with humus
content were calculated for each point of the training
samples within the uniform soils classes (Table 1).
The negative values of the correlation between the
spectral values and humus content were observed.
Furthermore, it turned out that for each soil class high
correlation coef¿cient has different combination of

Table 1. Landsat Spectral and Spatial Parameters and Pair Correlation Coef¿cients for Humus Content and Radiometry*
Spectral channel

Wave
length, m

Spatial
resolution, m

Chernozems ordinary
heavy-loamy (class 1)

Chernozems ordinary
light- and medium-loamy
(class 2)

R1
R2
R3
R4
R5
R6
R7
R8
R9
R 10
R 11

0.433–0.453
0.450–0.515
0.525–0.600
0.630–0.680
0.845–0.885
1.560–1.660
2.100–2.300
0.500–0.680
1.360–1.390
10.30–11.30
11.50–12.50

30
30
30
30
30
30
30
15
30
100
100

í0.08616424
í0.18671322
í0.38384836
í0.32709449
í0.31383183
í0.27921164
í0.16285069
0.14082281
0.44868727
0.48759112
í0.08616424

0.17508811
í0.13465445
í0.14096474
í0.43665725
í0.00590255
í0.29464546
0.0224444
í0.16322813
í0.1352743
0.17323846
0.21780346

* The training sample for the 3rd and 4th classes was too negligible for two classes formation.
8

AGRICULTURAL SCIENCE AND PRACTICE Vol. 1 No. 1 2014

SPACE TECHNOLOGIES IN AGRI-ENVIRONMENTAL MONITORING SYSTEM

spectral channels. This con¿rms the expediency of
soils subdivision.
The multiple regression equations were calculated
and validated by the method of multiple regression
for each sample. For the ¿rst soil class the total value of regression for the dependent variable composed
0.85391, for the second class – 0.799607. According to
the results of validation absolute error for the ¿rst class
was equal to 0.32 per cent, for the second one – 0.28
per cent, relative error – 9.0 per cent and 7.4 per cent
respectively. At the following stage the humus content was estimated with the application of a scanning
calculator basing on the output photograph within the
separate uniform class and corresponding plural linear
regression equation (Fig. 7).
For the differentiation of the erosiveness (washout)
degree the data on the humus content in various genetic horizons of the soil pro¿les are used, which were
allowed for various soil classes, and also for various
sections of the researched area from the point of view
of morphometry (slope angles). Thus, the appropriate
gradations of the erosiveness classes are obtained for
each uniform region (Fig. 8, a). The automated generalization (post-classi¿cation) of image is carried out
after decoding, which consists in the removal of small
outlines.
The determination of erosiveness on the plant cover.
The erosiveness degree was estimated using the data
of high spatial resolution from the RapidEye satellite
dated on April 11, 2009. Within the agrarian test area
located in the Myronivka district of Kiev region, one
uniform soil region – deep low-humus chernozems –
is determined, and also the distribution of the mask
of the arable land into three classes is carried out: the
plowed soil, the soil cropped with winter cultures and
the unplowed soil. The selection points of the training
samples were within the plowed land and winter cultures sowing.
Within the selected class of winter cultures sowing
the brightness index (BI) proposed by Mathieu [11] is
used for the classi¿cation of sheet erosion as the mediate indicator. The index is calculated with the following
formula:

where R is the spectral brightness coef¿cient for the
correspondent channel. For the RapidEye data it has
the following shape:

while for the spectral range “red edge” í

Fig. 7. Humus content distribution chart generated on the
basis of the space survey data

The following vegetation coef¿cients were estimated:
NDVI = (R5 í R3)/(R5 + R3)
and NDVIRE = (R4 í R3)/(R4 + R3),
where Rɿ is i-th spectral channel of the RapidEye satellite.
The generated correlation matrix (Table 2) allowed
to calculate the multiple regression equation for the
plowed soils:
H = 9.902789–0.062484 ǜ R2+0.014422 ǜR3–
–0.006204 ǜR4+0.013109 ǜR5,
where ɇ is the humus content, also for the soil planted
with winter cultures,
H = 5.5626+2.0184 ǜNDVIRE43–0.0187 ǜ BI.
Table 2. Pair Correlation Coef¿cients for Humus Content,
Radiometry and Vegetation Indexes as Reported by Rapid
Eye for Uniform Soil Class on ATA Myronivka District,
Kyiv Region
Vegetation Index, Channel,
nm
R2 (green), 520í590
R3 (red), 630í685
R4 (red edge), 690í730
R5 (near-infrared), 760í850
NDVI
NDVIRE43
BI
BIRE
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“Winter
“Plowed Soils”
Cultures”
Class
Class
í0.632
í0.553
í0.242
0.438
0.519
0.578
0.593
0.479

í0.690
í0.319
í0.301
í0.368
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Ɋɢɫ. 8. Soils erosion chart (a) joined to slopes angles chart (b) classi¿ed on the Landsat 8 data

Fig. 9. Humus content (a) and soils erosiveness (b) estimation within ATA at plowed lands and planted with winter crops on
the RapidEyɟ data

The total value of regression for the dependent variable composed 0.78198 for the class “plowed soils”,
while 0.78566 for the class “winter cultures”. According to the results of validation, the absolute error for
the plowed soil was equal to 0.27 per cent, and for the
soils planted with winter cultures – 0.29 per cent, while
the relative error was 9.0 per cent and 8.1 per cent respectively.
Further technological steps in data processing are
identical to the classi¿cation of the sheet erosion as for
the plowed soil and are completed with mapping of the
eroded soils (Fig. 9).
Risk estimation of the erosive processes development.
The rate of ¿elds on the slopes of more than 3º was
used as the indicator for the risk estimations of the erosive processes development within either the separate
agrarian farm, or administrative unit. If it comprises
less than 10 per cent of the arable territory, the area
10

has the weak level of the erosion manifestation risk;
from 10-20 per cent – the average level of erosive risk,
more than 20 per cent – the critical level of erosive risk.
These data are used for substantiation and developing
the anti-erosion measures, among which is the contourreclamation management, soil management system and
planted areas structure correction.
So, for example, the total area of agricultural land in
the Kirovohrad ATA testing farm composes 47.67 km2,
while the area of ¿elds on the slope of more than 3º
is 14.7 km2, according to the ERS data, which corresponds to 31 per cent of the total area (Fig. 8, b). Thus,
the farm has the critical level of erosiveness risk and
requires implementation of the soil protection contourreclamation system.
CONCLUSIONS
Application of contemporary information technologies of the Earth remote sensing, together with geo-
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information and global positioning technologies provides the opportunity of prompt obtaining information
about the propagation of soil erosive deterioration in the
agrolandscapes over the large territories and carrying out
the reliable updating of information about the state of
soil cover, in particular, the three-dimensional propagation of water erosion both within the limits of separate
agrarian farms and administrative units.
The ability of the soil water erosion degree classi¿cation according to the data of the up-to-date ERS multiarea systems of high spatial resolution is proven. The
logical models of determination and identi¿cation of
soil water erosion and automated classi¿cation models
of this process according to the ERS data are proposed.
The materials of the remote determination of the erosive processes risk is the fundamental base for planning
of development and implementation of measures for
the optimization of the agricultural landscapes structure and soil management systems, also for the creation
of the soil economical utilization and protection programs, introduction of soil- and water-guarding measures in the agrolandscapes.
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ɡɧɿɦɚɧɧɹ ɬɚ ɟɥɟɦɟɧɬɿɜ ɝɟɨɿɧɮɨɪɦɚɰɿɣɧɢɯ ɬɟɯɧɨɥɨɝɿɣ ɜɿɞɤɪɢɜɚɽ ɩɪɢɧɰɢɩɨɜɨ ɧɨɜɿ ɦɨɠɥɢɜɨɫɬɿ ɤɨɧɬɪɨɥɸ, ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɬɚ ɿɧɬɟɪɩɪɟɬɚɰɿʀ ɞɚɧɢɯ ɚɝɪɨɟɤɨɥɨɝɿɱɧɨɝɨ ɦɨɧɿɬɨɪɢɧɝɭ. Ɇɟɬɚ. Ɉɯɚɪɚɤɬɟɪɢɡɭɜɚɬɢ ɡɨɧɚɥɶɧɿ ɩɪɢɪɨɞɧɨɤɥɿɦɚɬɢɱɧɿ ɭɦɨɜɢ ɬɟɪɢɬɨɪɿʀ ɍɤɪɚʀɧɢ, ʀʀ ɫɿɥɶɫɶɤɨɝɨɫɩɨɞɚɪɫɶɤɭ ɨɫɜɨɽɧɿɫɬɶ ɬɚ ɪɢɡɢɤɢ ɩɪɨɹɜɿɜ ɟɪɨɡɿɣɧɚ ɞɟɝɪɚɞɚɰɿɹ
ʉɪɭɧɬɿɜ ɭ ɤɨɧɬɟɤɫɬɿ ɤɥɿɦɚɬɢɱɧɢɯ ɡɦɿɧ. ȼɢɡɧɚɱɢɬɢ ɮɚɤɬɨɪɢ, ɳɨ ɜɩɥɢɜɚɸɬɶ ɧɚ ɫɩɟɤɬɪɚɥɶɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɟɪɨɞɨɜɚɧɢɯ ʉɪɭɧɬɿɜ, ɞɥɹ ʀɯɧɶɨʀ ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɞɟɲɢɮɪɭɜɚɧɧɹ ɬɚ ɦɨɧɿɬɨɪɢɧɝɭ ɞɟɝɪɚɞɚɰɿʀ ɚɝɪɨɥɚɧɞɲɚɮɬɿɜ ɿ ɫɢɫɬɟɦ
ɡɟɦɥɟɤɨɪɢɫɬɭɜɚɧɧɹ ɡɚ ɫɭɩɭɬɧɢɤɨɜɢɦɢ ɞɚɧɢɦɢ. Ɇɟɬɨɞɢ.
Ɋɨɡɪɨɛɥɟɧɨ ɥɨɝɿɱɧɭ ɦɨɞɟɥɶ ɜɢɡɧɚɱɟɧɧɹ ɬɚ ɿɞɟɧɬɢɮɿɤɚɰɿʀ
ɜɨɞɧɨʀ ɟɪɨɡɿʀ ɡɚ ɞɚɧɢɦɢ ɞɢɫɬɚɧɰɿɣɧɟ ɡɨɧɞɭɜɚɧɧɹ Ɂɟɦɥɿ
(ȾɁɁ) ɜɢɫɨɤɨɝɨ ɩɪɨɫɬɨɪɨɜɨɝɨ ɪɨɡɪɿɡɧɟɧɧɹ ɧɚ ɨɫɧɨɜɿ ɤɥɚɫɢɮɿɤɚɰɿʀ ɡɚ ɨɫɧɨɜɧɢɦɢ ɞɟɲɢɮɪɭɜɚɥɶɧɢɦɢ ɨɡɧɚɤɚɦɢ ɬɚ
ɩɪɨɰɟɞɭɪɢ ɮɨɪɦɭɜɚɧɧɹ ɧɚɜɱɚɥɶɧɨʀ ɜɢɛɿɪɤɢ. Ⱦɥɹ ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɩɪɨɰɟɫɿɜ ɩɥɨɳɢɧɧɨʀ ɿ ɥɿɧɿɣɧɨʀ ɟɪɨɡɿʀ ɜɢɤɨɪɢɫɬɚɧɨ
ɦɚɬɟɪɿɚɥɢ ɤɨɫɦɿɱɧɨɝɨ ɡɧɿɦɚɧɧɹ Landsat 8, SPOT, ASTER
ɿ RapidEye, ɤɚɪɬɨɝɪɚɮɿɱɧɿ ɦɚɬɟɪɿɚɥɢ ɬɚ ɞɚɧɿ ɧɚɬɭɪɧɢɯ
ɧɚɡɟɦɧɢɯ ɫɩɨɫɬɟɪɟɠɟɧɶ ɧɚ ɬɟɫɬɨɜɢɯ ɨɛ’ɽɤɬɚɯ. Ɂɚɫɬɨɫɨɜɚɧɨ
ɞɜɚ ɩɿɞ-ɯɨɞɢ ɳɨɞɨ ɜɢɡɧɚɱɟɧɧɹ ɟɪɨɡɿʀ ʉɪɭɧɬɿɜ. ɉɟɪɲɢɣ –
ʉɪɭɧɬ ɭ ɫɬɚɧɿ ɪɨɡɨɪɚɧɨɫɬɿ ɿ ɞɪɭɝɢɣ – ʉɪɭɧɬ ɩɿɞ ɪɨɫɥɢɧɧɢɦ
ɩɨɤɪɢɜɨɦ. ɋɬɭɩɿɧɶ ɟɪɨɞɨɜɚɧɨɫɬɿ ʉɪɭɧɬɭ ɜɢɡɧɚɱɚɥɢ ɡɚ ɫɩɟɤɬɪɚɥɶɧɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɬɚ ɜɦɿɫɬɨɦ ɝɭɦɭɫɭ, ɹɪɭɠɧɨɫɬɿ í ɡɚ ɩɥɨɳɟɸ ɿ ɩɪɨɬɹɠɧɿɫɬɸ ɹɪɿɜ. Ɋɟɡɭɥɶɬɚɬɢ. Ɂɚɩɪɨɩɨɧɨɜɚɧɨ ɜɢɡɧɚɱɚɬɢ ɜɦɿɫɬ ɝɭɦɭɫɭ ɜ ʉɪɭɧɬɿ ɡɚ ɩɪɨɫɬɨɪɨɜɢɦ ɪɨɡɩɨɞɿɥɨɦ ɫɩɟɤɬɪɚɥɶɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɭ ɦɟɠɚɯ
ɨɞɧɨɪɿɞɧɢɯ ɪɚɣɨɧɿɜ ɬɚ ɜɿɞɩɨɜɿɞɧɢɦɢ ɦɚɬɟɦɚɬɢɤɨ-ɫɬɚɬɢɫɬɢɱɧɢɦɢ ɦɨɞɟɥɹɦɢ. ɉɨɤɚɡɚɧɨ ɦɨɠɥɢɜɨɫɬɿ ɤɥɚɫɢɮɿɤɚɰɿʀ

ɥɿɧɿɣɧɨʀ ɿ ɩɥɨɳɢɧɧɨʀ ɟɪɨɡɿʀ ɡɚ ɞɚɧɢɦɢ ȾɁɁ, ɚ ɬɚɤɨɠ ʀɯɧɽ
ɜɢɤɨɪɢɫɬɚɧɧɹ ɜ ɫɢɫɬɟɦɿ ɦɨɧɿɬɨɪɢɧɝɭ ɬɚ ɨɰɿɧɤɢ ɟɤɨɥɨɝɿɱɧɨɝɨ ɫɬɚɧɭ ɚɝɪɨɥɚɧɞɲɚɮɬɿɜ ɿ ɫɢɫɬɟɦ ɡɟɦɥɟɤɨɪɢɫɬɭɜɚɧɧɹ. ȼɢɫɧɨɜɤɢ. Ⱦɚɧɿ ɤɨɫɦɿɱɧɨɝɨ ɦɨɧɿɬɨɪɢɧɝɭ ɟɪɨɡɿɣɧɨʀ ɞɟɝɪɚɞɚɰɿʀ ʉɪɭɧɬɿɜ ɿ ɜ ɰɿɥɨɦɭ ɚɝɪɨɥɚɧɞɲɚɮɬɿɜ ɞɚɸɬɶ ɦɨɠɥɢɜɿɫɬɶ ɛɿɥɶɲ ɟɮɟɤɬɢɜɧɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɡɟɦɟɥɶɧɿ ɪɟɫɭɪɫɢ ɡɚ ɪɚɯɭɧɨɤ ɨɩɟɪɚɬɢɜɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ
ɞɟɝɪɚɞɚɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ ɡ ɧɚɫɬɭɩɧɢɦ ɩɥɚɧɭɜɚɧɧɹɦ ɿ ɪɨɡɪɨɛɤɨɸ ɡɚɯɨɞɿɜ ɡ ɨɩɬɢɦɿɡɚɰɿʀ ɫɬɪɭɤɬɭɪɢ ɟɪɨɡɿɣɧɨ ɧɟɛɟɡɩɟɱɧɢɯ ɚɝɪɨɥɚɧɞɲɚɮɬɿɜ, ɚ ɬɚɤɨɠ ɜɩɪɨɜɚɞɠɟɧɧɹ ʉɪɭɧɬɨɜɨɞɨɨɯɨɪɨɧɧɢɯ ɫɢɫɬɟɦ ɡɟɦɥɟɤɨɪɢɫɬɭɜɚɧɧɹ.
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɡɟɦɟɥɶɧɿ ɪɟɫɭɪɫɢ, ɟɪɨɡɿɣɧɚ ɞɟɝɪɚɞɚɰɿɹ,
ɞɢɫɬɚɧɰɿɣɧɟ ɡɨɧɞɭɜɚɧɧɹ, ɦɨɧɿɬɨɪɢɧɝ, ɤɥɿɦɚɬ.
Ʉɨɫɦɢɱɟɫɤɢɟ ɬɟɯɧɨɥɨɝɢɢ ɜ ɫɢɫɬɟɦɟ
ɚɝɪɨɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ
ȼ. Ɏ. ɉɟɬɪɢɱɟɧɤɨ, Ⱥ. Ƚ. Ɍɚɪɚɪɢɤɨ, Ⱥ. ȼ. ɋɢɪɨɬɟɧɤɨ
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ɂɧɫɬɢɬɭɬ ɚɝɪɨɷɤɨɥɨɝɢɢ ɢ ɩɪɢɪɨɞɨɩɨɥɶɡɨɜɚɧɢɹ
ɍɥ. Ɇɟɬɪɨɥɨɝɢɱɟɫɤɚɹ, 12, Ʉɢɟɜ, ɍɤɪɚɢɧɚ, 03143
ɋɨɜɪɟɦɟɧɧɨɟ ɪɚɡɜɢɬɢɟ ɫɢɫɬɟɦ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɤɨɫɦɢɱɟɫɤɨɣ ɫɴɟɦɤɢ ɢ ɷɥɟɦɟɧɬɨɜ ɝɟɨɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɨɬɤɪɵɜɚɟɬ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɨɜɵɟ ɜɨɡɦɨɠɧɨɫɬɢ
ɤɨɧɬɪɨɥɹ, ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɢ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɞɚɧɧɵɯ
ɚɝɪɨɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ. ɐɟɥɶ. Ɉɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɡɨɧɚɥɶɧɵɟ ɩɪɢɪɨɞɧɨ-ɤɥɢɦɚɬɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɬɟɪɪɢɬɨɪɢɢ ɍɤɪɚɢɧɵ, ɟɟ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɭɸ ɨɫɜɨɟɧɧɨɫɬɶ
ɢ ɪɢɫɤɢ ɩɪɨɹɜɥɟɧɢɣ ɷɪɨɡɢɨɧɧɨɣ ɞɟɝɪɚɞɚɰɢɢ ɩɨɱɜ ɜ
ɤɨɧɬɟɤɫɬɟ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢɡɦɟɧɟɧɢɣ. Ɉɩɪɟɞɟɥɢɬɶ ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɫɩɟɤɬɪɚɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɪɨɞɢɪɨɜɚɧɧɵɯ ɩɨɱɜ, ɞɥɹ ɢɯ ɢɞɟɧɬɢɮɢɤɚɰɢɢ, ɞɟɲɢɮɪɢɪɨɜɚɧɢɹ ɢ ɦɨɧɢɬɨɪɢɧɝɚ ɞɟɝɪɚɞɚɰɢɢ ɚɝɪɨɥɚɧɞɲɚɮɬɨɜ ɢ ɫɢɫɬɟɦ ɡɟɦɥɟɩɨɥɶɡɨɜɚɧɢɹ ɩɨ ɫɩɭɬɧɢɤɨɜɵɦ ɞɚɧɧɵɦ. Ɇɟɬɨɞɵ.
Ɋɚɡɪɚɛɨɬɚɧɚ ɥɨɝɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɨɩɪɟɞɟɥɟɧɢɹ ɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɜɨɞɧɨɣ ɷɪɨɡɢɢ ɩɨ ɞɚɧɧɵɦ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɡɨɧɞɢɪɨɜɚɧɢɹ Ɂɟɦɥɢ (ȾɁɁ) ɜɵɫɨɤɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɪɚɡɪɟɲɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɩɨ ɨɫɧɨɜɧɵɦ ɞɟɲɢɮɪɭɸɳɢɦ ɩɪɢɡɧɚɤɚɦɢ ɢ ɩɪɨɰɟɞɭɪɵ ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɛɭɱɚɸɳɟɣ ɜɵɛɨɪɤɢ. Ⱦɥɹ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɪɨɰɟɫɫɨɜ ɩɥɨɫɤɨɫɬɧɨɣ ɢ ɥɢɧɟɣɧɨɣ ɷɪɨɡɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɚɬɟɪɢɚɥɵ
ɤɨɫɦɢɱɟɫɤɨɣ ɫɴɟɦɤɢ Landsat 8, SPOT, ASTER ɢ RapidEye,
ɤɚɪɬɨɝɪɚɮɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ ɢ ɞɚɧɧɵɟ ɧɚɬɭɪɧɵɯ ɧɚɡɟɦɧɵɯ ɧɚɛɥɸɞɟɧɢɣ ɧɚ ɬɟɫɬɨɜɵɯ ɨɛɴɟɤɬɚɯ. ɂɫɩɨɥɶɡɨɜɚɧɵ
ɞɜɚ ɩɨɞɯɨɞɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɷɪɨɡɢɢ ɩɨɱɜ. ɉɟɪɜɵɣ –
ɪɚɫɩɚɯɚɧɧɚɹ ɩɨɱɜɚ ɢ ɜɬɨɪɨɣ – ɩɨɱɜɚ ɩɨɞ ɪɚɫɬɢɬɟɥɶɧɵɦ
ɩɨɤɪɨɜɨɦ. ɋɬɟɩɟɧɶ ɷɪɨɞɢɪɨɜɚɧɧɨɫɬɢ ɩɨɱɜɵ ɨɩɪɟɞɟɥɹɥɢ
ɩɨ ɫɩɟɤɬɪɚɥɶɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢ ɫɨɞɟɪɠɚɧɢɸ ɝɭɦɭɫɚ, ɹɪɭɠɧɨɫɬɶ í ɩɨ ɩɥɨɳɚɞɢ ɢ ɩɪɨɬɹɠɟɧɧɨɫɬɢ ɹɪɨɜ.
Ɋɟɡɭɥɶɬɚɬɵ. ɉɪɟɞɥɨɠɟɧɨ ɨɩɪɟɞɟɥɹɬɶ ɫɨɞɟɪɠɚɧɢɟ ɝɭɦɭɫɚ ɜ ɩɨɱɜɟ ɩɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɫɩɟɤɬɪɚɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜ ɩɪɟɞɟɥɚɯ ɨɞɧɨɪɨɞɧɵɯ ɪɚɣɨɧɨɜ
ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɦɚɬɟɦɚɬɢɤɨ-ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ ɦɨɞɟɥɹɦ.
ɉɨɤɚɡɚɧɵ ɜɨɡɦɨɠɧɨɫɬɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɥɢɧɟɣɧɨɣ ɢ ɩɥɨɫɤɨɫɬɧɨɣ ɷɪɨɡɢɢ ɩɨ ɞɚɧɧɵɦ ȾɁɁ, ɚ ɬɚɤɠɟ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɫɢɫɬɟɦɟ ɦɨɧɢɬɨɪɢɧɝɚ ɢ ɨɰɟɧɤɢ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ
ɫɨɫɬɨɹɧɢɹ ɚɝɪɨɥɚɧɞɲɚɮɬɨɜ ɢ ɫɢɫɬɟɦ ɡɟɦɥɟɩɨɥɶɡɨɜɚɧɢɹ.
ȼɵɜɨɞɵ. Ⱦɚɧɧɵɟ ɤɨɫɦɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ ɷɪɨɡɢɨɧɧɨɣ ɞɟɝɪɚɞɚɰɢɢ ɩɨɱɜ ɢ ɜ ɰɟɥɨɦ ɚɝɪɨɥɚɧɞɲɚɮɬɨɜ ɞɚɸɬ
ɜɨɡɦɨɠɧɨɫɬɶ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɡɟɦɟɥɶɧɵɟ
ɪɟɫɭɪɫɵ ɡɚ ɫɱɟɬ ɨɩɟɪɚɬɢɜɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɞɟɝɪɚɞɚ-

AGRICULTURAL SCIENCE AND PRACTICE Vol. 1 No. 1 2014

11

PETRYCHENKO ET AL.
ɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɩɥɚɧɢɪɨɜɚɧɢɟɦ ɢ
ɪɚɡɪɚɛɨɬɤɨɣ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɨɩɬɢɦɢɡɚɰɢɢ ɫɬɪɭɤɬɭɪɵ
ɷɪɨɡɢɨɧɧɨ ɨɩɚɫɧɵɯ ɚɝɪɨɥɚɧɞɲɚɮɬɨɜ, ɚ ɬɚɤɠɟ ɜɧɟɞɪɟɧɢɹ
ɝɪɭɧɬɨɜɵɯ ɜɨɞɨɨɯɪɚɧɧɵɯ ɫɢɫɬɟɦ ɡɟɦɥɟɩɨɥɶɡɨɜɚɧɢɹ.
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɡɟɦɟɥɶɧɵɟ ɪɟɫɭɪɫɵ, ɷɪɨɡɢɨɧɧɚɹ
ɞɟɝɪɚɞɚɰɢɹ, ɞɢɫɬɚɧɰɢɨɧɧɨɟ ɡɨɧɞɢɪɨɜɚɧɢɟ, ɦɨɧɢɬɨɪɢɧɝ,
ɤɥɢɦɚɬ.
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